In this study, we investigated inter-individual differences in sensitivity to mono-sodium glutamate (MSG) and elucidated the familiarity to umami taste in two European populations. The study consisted of two parts: (1) a survey based on questionnaire and (2) psychophysical screening for inter-individual variation of MSG sensitivity. The psychophysical tests revealed that 3.2% of the German participants and 4.6% of the Norwegian participants were potential non-tasters of MSG. In conclusion, our study confirms inter-individual differences in sensitivity to MSG in humans.
Introduction
The specific taste is elicited by L-glutamate and is even more pronounced by monosodium glutamate (MSG; Ikeda, 1909) . MSG is naturally present in different palatable foods and is used as a flavor enhancer, although MSG is not pleasant by itself (Yamaguchi, 1991) . Furthermore, glutamate has a key role in cellular metabolism (Newsholme et al., 2003) and is a significant neurotransmitter in the nervous system (Fonnum, 1984) . This study aims to examine inter-individual variation of sensitivity to glutamate, in addition to survey the degree of familiarity for umami taste in two European populations.
Materials and methods

Questionnaire survey
We surveyed 105 Germans (61 females, mean age ± s.d. ¼ 41.1 ± 12.8 years) and 97 Norwegians (70 females, mean age±s.d. ¼ 31.2±12.6 years). The brief questionnaire consisted of three main questions: (1) familiarity: are you familiar with umami taste? (2) description: if yes, please describe the umami taste briefly and (3) discrimination: are you able to discriminate the umami taste from other tastes (sweet, sour, salty and bitter) in your meals.
Psychophysical screening Participants and stimuli. A total of 125 German participants (87 females), age range from 18 to 55 years (mean age ± s.d. ¼ 30.7±10.7 years) and 131 Norwegian volunteers (87 females), age range from 19 to 55 years (mean age±s.d. ¼ 35.2±12.2) participated in this study. Informed consent was obtained from participants and this study was approved by the Norwegian research ethics committee. In the screening test, a constant concentration of MSG (29 mM) and two concentrations of NaCl (29 and 43 mM) were used. These concentrations were selected based on the methods of previous study, investigating sensitivity to umami taste (Lugaz et al., 2002) .
Procedure
Test 1: quality discrimination test. Participants were presented with paired stimuli. First pair consisted of water (10 ml) and 29 mM NaCl solution (10 ml) and participants were asked to report which of the solutions was not water. The second pair consisted of 29 mM MSG and 29 mM NaCl. The participants who could clearly discriminate MSG from NaCl and perceived MSG as more intense taste as compared to NaCl, were considered tasters, whereas the participants who could not discriminate between MSG and NaCl were subjected to further tests.
Test 2: ranking test. These participants were presented with three cups containing 10 ml each of 29 mM NaCl, 43 mM NaCl and 29 mM MSG solutions. The participants were asked to rank the three samples in the order of intensity.
Participants were considered as tasters if they ranked the three solutions as such: 29 mM NaCl o43 mM NaCl o29 mM MSG.
Test 3: triangular test. The participants of this test were unable to detect the glutamate anion in the previous tests. Triangular tests were run on these subjects to clarify how these participants perceived MSG and NaCl at the same concentration. The participants went through 10 triangular tests and each triangular test composed of one cup of 29 mM MSG solution (10 ml) and two cups of 29 mM NaCl (10 ml). Participants were asked to answer which solution was different from the other two. Participants, who could discriminate isomolar MSG from NaCl in 7 or more of the 10 triangular tests were considered as hypotasters, whereas the rest were considered as potential non-tasters.
Results
Survey for umami taste familiarity Based on adequate answers to the three questions (familiarity, description and discrimination), we determined whether respondents were aware of umami taste. As seen in Table 1 , 3.8% of the German respondents and 10.3% of the Norwegian respondents admitted their familiarity to umami taste. No significant difference between German and Norwegian populations was obtained in terms of frequency of respondents who were aware of umami taste (w 2 ¼ 3.30,
Psychophysical screening test
The participants were classified into potential non-tasters, who were unable to perceive MSG, hypotasters, who perceived MSG at a relatively high concentration, or tasters, who perceived MSG at a relatively low concentration. Among 125 participants of the German population, 2.4% were hypotasters and 3.2% were potential non-tasters for MSG. In the Norwegian population, 12.2% of the participants were hypotasters and 4.6% of non-tasters (Table 2) . Moreover, the distribution of tasters, hypotasters or nontasters was significantly different between Norwegian and German populations (Fisher's exact test ¼ 9.82, two-tailed, P ¼ 0.006). Specifically, the prevalence of hypotasters (versus taster) was significantly higher in the Norwegian population than in the German population (Fisher's exact test, one-tailed, P ¼ 0.002). No significant difference between the two populations was obtained in terms of the non-taster prevalence (versus taster; Fisher's exact test, two-tailed, P ¼ 0.530).
Discussion
Our findings from the questionnaire survey showed that a large portion of German and Norwegian participants were not aware of umami taste in the daily life. During the survey collection, it was observed that participants were skeptic to MSG. It is, therefore, essential to educate people about the umami taste quality and MSG, as it has a key role in the intake of amino acids, especially L-glutamate. One of the potential reasons for this specific ageusia for MSG might be the umami taste receptor variants expressed in humans (Lugaz et al., 2002) . It is proposed that a heterodimeric receptor (TAS1R1 and TAS1R3) is related to the individual difference in umami taste (Raliou et al., 2009; Shigemura et al., 2009) . However, further studies are needed to associate the variations in umami taste perception and genetic variations in these two populations. Another factor inducing variations in sensitivity to MSG could be the exposure to MSG (Kobayashi and Kennedy, 2002) .
Several of the major health problems challenging the human population today, such as obesity, heart diseases, saltdependent hypertension, type-2 diabetes and dental caries are diet related. Variations in umami taste perception in healthy individuals might have an important role for the dietary choices made by them and, thus, resulting in dietrelated health problems. The taste preference for L-amino acids has been suggested as a basic nutritional signal that reflects the amount of dietary protein in the body (Mori et al., 1991) . Mori et al. (1991) showed that under severe protein deficiency, rats preferred NaCl rather than umami taste to maintain electrolyte and body fluid balance. In the absence of adequate umami taste perception, healthy individuals might show increased preference to saltiness, yet hypertension is often a complication of excess sodium intake. In summary, this study shows inter-individual differences in identification and discrimination of umami taste within the populations. In addition, the variation in prevalence of hypotasters to MSG was observed between the two populations. Our findings could help in better understanding the variations in umami taste perception in humans, which further might be beneficial in the clinical work to assess disorders related to imbalanced diet and nutritional status.
